
 Investigation of a Modified German 20th Century Coin 

T. Paprotta1, B. Hasse², T. Wroblewski³ 

1 Institut für Festkörperphysik at Universität Hannover, D-30167 Hannover,Germany, 
 ²TU Berlin, D-10623, Germany, 

³HASYLAB,DESY, D22607 Hamburg,Germany 
 

At the end of the 19th and beginning of the 20th century, a significant number of so-called “Spottmünzen” 
(German for “mockery coins”) was created. These coins are modified to ridicule the king or pope displayed 
on the coin, for example by adding engravings or additional metal layers. The coin displayed in fig. 1a) 
which has an added metal hat was investigated using imaging X-ray diffraction and energy-variable X-ray 
diffraction at HASYLAB beamline G3 [1]. 

 

Fig. 1: A) The coin. The area of investigation is marked white. B) Diffractogram of the silver 220 peak. 
           C) Diffractogram of the copper 220 peak. 

An ω-2θ-scan of the coin yielded that it consists of three crystallographic phases, silver, copper and another 
phase crystallizing in an fcc-structure with a lattice-spacing of 381pm. The silver and copper 220 reflections 
were chosen for a more detailed investigation with imaging X-ray diffraction. The results are displayed in 
figures 1b) and c). It can be seen that silver is abundant everywhere in the sampling area, whereas copper is 
only present in the subsequently added hat. The area in figure 2c) marked by an arrow exhibits a peak of the 
third crystallographic phase, which can be attributed to the soldering metal. 

Energy variable X-ray diffraction was then used to resolve whether the hat consists of a homogenous mixture 
of the silver and copper phases or whether there is a concentration gradient perpendicular to the coin’s 
surface. The two-crystal monochromator available at beamline G3 was used to select five different photon 
energies of 6.93, 8.05, 9, 10 and 11 keV. With the beam confined to the hat area, an ω-2θ-scan in the range 
of 10 to 120° in 2θ was performed for each energy. The results in the region of the silver 200 and the copper 
111 peak, plotted as a function of intensity over lattice parameter for easier comparison are shown in fig. 2. 

 
 
 



 
 
Fig. 2: a) ω-2θ-scan of the hat at 8.05 keV, the area shown in detail in b)-f) is marked. b-f)   The silver 200 
and copper 111 peaks in detail at energies ranging from 6.93 to 11 keV. 

It can be seen that the copper peak grows in intensity relative to the silver peak with higher energies. This 
shows that the hat piece is indeed a copper substrate covered by a thin silver layer.  

The thickness of the silver layer was computed using a simple beam attenuation model. The model assumes 
that the hat consists of two stacked layers, consisting of copper and silver only. The layer thickness is then 
given by the following expression: 
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Where I denotes the relative intensity of the copper peak, θ is the incident angle of the copper peak, ρ the 
density of silver and µ is the mass attenuation coefficient of silver. The index i denotes the value at higher, j 
at smaller energies. 

Using the model, the thickness of the silver layer could be determined to be 1.86 microns, with a margin of 
error of about 5 per cent. 

Furthermore, the grain size of the silver phase in the coin and hat area was obtained from the imaging X-ray 
diffraction data. The coin area has a significantly higher grain size of 110 nm, compared to 60 nm in the hat 
area. This shows that the hat not only differs in composition but was also produced in a different way. The 
layer thickness and grain size suggest that the hat piece was made by electroplating a copper substrate. 
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